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I  INTRODUCTION 


The  major  efforts  during  the  period  covered  by  thia  report  (Jane  15  to 
September  15,  1957)  have  been  in  the  following  directional 

A.  Improving  exiating  and  inveatigating  new  methods  of  fora  lug  and  working 
composites  of  aluminum  and  aluaima  coated  glaaa  fibers. 

B.  Determining  a  complete  aet  of  physical  data  on  a  atandard  glass-re inf oroed 
aluminum. composite  in  order  to  indioate  the  general  charaeteriatioa  of 
glaaa -reinforced  aetala  aa  a  olaaa  of  mater iala. 

C.  Developing  a  method  of  forming  composites  of  aluminum  and  bare  glaaa 
fibers  and  evaluating  the  physical  properties  of  these  coapoeitea. 

D.  Production  and  testing  of  glaaa-reinforoed  aluminum  tubular  shapes. 

S.  Developing  a  theory  on  the  interaction  of  aetala  and  glaaa  fibera. 

7.  Developing  a  glass -reinf or oed  metal  having  utility  at  temperatures  above 
1000*7. 

The  work  reported  represents  the  combined  efforts  of  Messrs.  J.  I.  Aber,  R.  X. 
Evans,  B.  B.  Qarick,  P.  A.  Lockwood,  H.  E.  » thews,  E.  X.  Mat  tern,  C.  A.  Riesbeek, 

E.  V.  Smart,  R.  S.  Swain,  0.  E.  Vince,  and  the  author,  of  the  Class-Metal a 
Research  Laboratory,  and  Dr.  H.  B.  Vhitehurst,  Department  Bead.  Acknowledgement 
is  also  made  of  the  valuable  assistance  given  ty  many  other  members  of  the  Baaio 
and  Applied  Research  Center. 

Physical  property  measurements  of  the  glaaa-reinforoed  metal  teat  bars  were 
performed  by  the  Olin-Mathleaon  Chemical  Corporation  in  Vow  Raven,  Connecticut, 
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and  by  tha  Ohio  State  Engineering  Expei  laent  8tatlon  of  tho  Ohio  Stato  On  i  vara  it y 
in  Coluabua,  Ohio, 

Work  on  fabrication  of  largo  ahapea,  in  particular  tubing,  of  glaaa*rainforeed 
natala  haa  boon  aubcontraetod  to  tha  Olin-Mathieaon  Cheadeal  Corporation  in 
Now  Haven,  Connecticut . 

✓ 

Tha  expiration  data  of  thia  contract  ia  October  31,  1957.  Hogotlationa  have 
bean  opened  with  the  Mavy  Bureau  of  Qrdnanoe  to  extend  thia  oontraet  foy  one  year* 
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.II  SUMM1HT 


The  average  compressive  ultimate  strength  of  the  standard  glass-reinforoed 
aluminum  composite  is  128,000  psi  at  room  temperature.  Unreinforced  11*8  aluminum 
has  a  compressive  yield  strength  of  60,000  psi  at  room  temperature.  A  compressive 
yield  strength  could  not  be  determined  for  the  glass-reinforoed  aluminum  using 
available  equipment. 

The  Olln-Mathieson  group  has  investigated  the  process  variables,  materials 
characteristics,  and  process  dynamics  of  the  centrifugal  casting  procedure  for 
fabrication  of  glass -relnforoed  aluminum  tubes.  Over  a  wide  range  of  experimental 
conditions,  the  interdependent  relationships  between  certain  of  these  faotors  have 
precluded  the  attainment  of  wholly  satisfactory  tubes.  Laboratory  work  was 
undertaken  concurrently  with  centrifugal  easting  experiments  in  order  to  overcome 
materials  weaknesses  and  eliminate  or  modify  undesirable  process  dynamics.  The 
results  of  this  work  have  been  encouraging  anough  to  warrant  further  efforts  in 
this  direction. 

The  combination  of  most  metals  and  glass  fibers  results  in  some  degradation  in 
the  strength  of  the  glass  fibers.  Experiments  on  combinations  of  glass  fibers  with 
Vood's  metal,  lead,  tine,  and  aluminum  have  indicated  that  this  strength  degra¬ 
dation  increased  with  increasing  temperature  at  whiob  the  glass  and  molten  metal 
are  contacted.  However,  there  is  no  definite  indication  as  to  whether  the  fiber 
strength  degradation  is  duo  to  chemical,  thermal,  or  meehanieal  reaction  of  the 
metal  upon  the  fiber.  A  dearer  understanding  of  this  interaction  will  point 
the  way  to  large  improvements  in  glass-metal  composite  properties. 

Using  the  standard  vacuum  injeotion  technique,  glAss-relnforoed  aluminum  composites 
wore  made  using  SC-51A  aluminum,  a  casting  alloy  having  high  fluidity.  Thus* 
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composites  had  excellent  strengths  with  a  high  degree  of  uniformity  in  tonsils 
strengths,  indicating  sound  castings • 

Evaluations  of  the  wetting  of  several  aluminum  alloys  on  glasses  formulated  to 
assist  in  wetting  indicated  several  glasses  which  were  somewhat  superior  to  the 
standard  E  glass  in  present  use.  Certain  glasses  were  better  for  ocrtain  aluminum 
alloys. 

Preliminary  work  has  begun  on  development  of  a  glass-reinforced  material  having 
utility  above  1000*7.  Reinforcement  of  various  eopper  alloys  and  a  large  number 
of  inorganic  compounds  offers* promise. 


HI  DISCUSSION 

— ■  II. .  I  ■■■■■■ . — — — 

A.  Improving  mclatlng  and  Investigating  new  methods  of  forming  and  working 
oompoaltoa  of  aluminum  and  aluminum  coated  glass  fiber a. 

1.  Composites  made  using  aluminum  casting  alloy  having  high  fluidity. 

Using  tha  standard  vacuum  injection  technique, ^  glass-reinforced 
aluminum  composites  were  made  using  SC-51A  aluminum,  a  easting  alloy 
having  high  fluidity.  The  SC-51A  alloy  contains  k«5  to  5.52  silicon, 

1  to  1.52  copper,  .k  to  .62  magnesium,  .352  sine,  .82  iron,  .52  manganese, 

i 

.252  titanium,  .352  nickel,  and  .52  other  elements.  Table  I  presents  the 
tensile  strengths  of  composites  made  using  8C-51A  aluminum  alloy  as  the 
matrix  alloy.  The  o'omposltes  were  not  heat  treated.  The  unreinf arced 
SC-51A  alloy  in  the  as  oast  oondltion  has  a  tensile  strength  of  2k, 000 
to  28,000  psi.  This  alloy  can  normally  be  heat  treated  to  a  tensile 
strength  'of  k0,000  to  kb, 000  pel. 

TABLE  I 

QLA88-BSINF0RCED  SC-51A  AUMUTOM  A  HOI 


Sample 

Number 

Tensile  Strength  at  Avetege  Tensile  Strength 

Room  Temperature,  psi  At  Room  Teamerature.  psi 

819-81A 

2k,  800 

819-8 IB 

26,300 

819-81C 

25, boo 

819-811) 

2k, 700  25,700 

819-81S 

26,500 

819-eir 

2k,  600 

819-810 

27,800 

[.  B.  Whitehurst 

-  First  Annual  Progress  Report,  Contract  KPM  15 76k 
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It  will  be  noted  In  the  above  table  that  the  tensile  strengths  are 
remarkably  consistent.  A  standard  deviation  of  1%  exists  in  the  above 
figures.  The  standard  glass-re  inf  orct.1  aluminum  composite ,  made  using 
a  li£  aluminum  alloy,  has  an  average  tensile  strength  of  26,200  pel  with 
a  standard  deviation  of  about  2 55.  Hence,  it  can  be  seen  that  the  more  < 
fluid  casting  alloy  reinforoed  with  glass  fibers  in  the  as  cast  condition 
has  strengths  as  good  as  lbs  aluminum  reinforced  with  glass  fibers  in  the  ' 
heat  treated  condition.  The  strengths  of  the  reinforced  SC-51A  alloy 
composites  are  more  consistent  due  to  the  higher  fluidity  of  the  SC-51A 
alloy  and  consequent  better  penetration  of  the  glass  fiber  bundle. 

2.  Compoaltea  made  using  elevated  casting  temperatures. 

Using  the  standard  vacuua  injection  technique,  glass  fibers  were  Impregnated 
with  molten  lbS  aluminum  at  temperatures  of  lliOO  to  1700*7.  Previous  work 
Ms  been  reported  (1  *  ,2)  wherein  the  molten  lbS  aluminum  was  Injected  at 
1100  te  1300*7.  This  previous  study  indicated  little  change  in  oomposite 
with  casting  temperatures  ranging  from  1100  to  1300*7.  Table  n  sums  rises 
data  taken  in  the  study  wherein  casting  tsmperatures  of  lbOO  to  170(77 
were  used. 


TABLE  II 

INVESTIGATION  CP  ELEVATED  CASTINO  TEMPERATURES 


8ample 

Number 

Temp,  of 

Molten  Al«, *7. 

Immersion  Time 
in  Molten  Al..  see. 

Tensile  Strength 
At  Room  Tens. .psi 

Avg.  Tensile 
Strength,  nsi 

819-60B 

lbOO 

180 

39,500 

819-60C 

lbOO 

160 

28,900 

31,100 

819*600 

iboo 

180 

25,000 

(1)  H.B.  Whitehurst  and  H.B.  Allea-7ifth  Quarterly  Progress  Report,  Contract 
NOrd  1576b. 

(2)  H.B.  Whitehurst  and  H.B.  Aileo-Slxth  Quarterly  Progress  Report,  Contract 
NOrd  1576b.. 


Semple 

Nunbor 

Temp*  of 

Molten  11.. *F. 

Inaersion  Time 
in  Molten  11..  sec. 

Tensile  Strength 
▲t  Room  Tenp.,psi 

Ivg.  Tensile 
Strength,  pai 

819-611 

11*60/1500 

150 

32,600 

819-61B 

1500/151*0 

120 

31*, 000 

33,300 

819-61C 

11*80/1520 

150 

33,200 

819-621 

1600 

120 

1*2,200 

819-6 2B 

1600 

120 

29,800 

35,500 

819-620 

1600 

120 

31*,  500 

819-61*1 

1700 

75 

25,500 

819-61*B 

1700 

75 

23,650 

25,600 

819-61*0 

161*0/1700 

120 

27,600 

The  above  data  la  unusual  in  that  oomposites  formed  uaing  molten  aluminum 
temperature*  of  12*00  to  1600*F  had  inoreaaed  compoeite  ten* lie  atrengtha 
with  inoreaaed  casting  temperature*.  However,  compoeite*  mad*  at  1700*F 
were  weaker  than  composites  mad*  at  ll*00*F.  The  higher  oaating  temperatures, 
which  would  be  expected  to  decrease  the  glass  fiber  strengths,  resulted  In 
leas  time' required  for  penetration  of  molten  metal  into  the  fiber  bundle. 

The  shorter  casting  time  (molten  metal  to  glass  fiber  contact  time)  may 
explain  the  Increased  composite  strengths. 

3.  Ola b a  micro-balloon  reinforcement  of  aluminum.  1 

Olass  micro-balloons  of  10  to  250  micron  diameter  (average  diameter  of 
60  microns)  were  used  in  an  attempt  to  reinforoe  aluminum.  Nioro-balloons 
were  placed  In  a  pyrex  tube,  the  tube  was  evacuated  and  one  end  Immersed 
in  molten  aluslnum.  The  molten  aluminum  flowed  up  and  around  the  micro¬ 
balloons  following  the  walls  of  the  pyrex  tube.  The  aluminum  surrounded 
the  micro-balloons,  but  did  not  penstrate  Into  the  particle  bed.  If  these 
two  materials  could  be  incorporated  in  some  other  manner,  it  might  be 
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possible  to  prodaos  a  foamed  glass-reinforced  alumina* 


B.  Doterminlnff  a  oorplota  sot  of  phyolcal  dita  on  a  standard  ulaaa-orelnforced 
aluminum  oor^pooite  in  order  to  Indicate  the  general  oharaotegUrtioe  of  glass* 
reinforced  motels  as  a  class  of  matorials. 

1*  CoOToaites  made  by  vacuum  lnjeotlon  method. 

It  was  deemed  advisable  to  get  a  relatively  complete  evaluation  of  the 
physical  properties  of  a  material  wbioli  is  essentially  IU8-I6  aluminum 
reinforced  with  20-30  volume  percent  continuous  longitudinally  oriented 
glass  fib  era.  This  material  la  made  by  pulling,  under  vacuum,  molten 
UiS  aluminum  into  a  mold  containing  aluminum  ooatod  glass  fibers*  This 
materiel  vas  chosen  as  the  beat  available  one  year  ago,  when  the  eval¬ 
uation  began*  However,  ainoo  that  time,  devolopnanta  have  boon  made 
which  affedt  the  physloal  properties  of  glaasHutal  composites*  It  bee 
been  deolded  to  continue  the  evaluation  of  physical  properties  based  on 
the  original  composite  type  so  that  a  related  sot  of  physloal  property 
data  will  exist.  This  set  of  data  oan  then  bo  used  to  indioate  the 
properties  of  materials  which  incorporate  any  future  developments*  The 
information  oolleotod  during  this  reporting  period  follows  t 

a*  Ultimate  oompreaalva  strengths 

Data  on  the  ultimate  compressive  strengths  of  the  standard  glass- 
reinforced  aluminum  composite  made  by  the  vacuus  injection  technique 
le  shown  in  Table  III* 
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TABLE  III 


ULTIMATE  COMPRESSIVE  8TR8H0THS 


Sample 
Womb or 


Ultimate  eompreaaional 
Strength  at  Room  Tenp» ,pal 


XH-ZCI-1627-1 

132,500 

•2 

101,000 

-3 

ioU,ooo 

-U 

125,500 

•5 

151,500 

-6 

lia.ooo 

sa-xm-i62o-3 

138,500 

-U 

130,506 

-5 

128,500 

-6 

129,500 

EH-XXII-162H-1 

119,000 

-2 

120,500 

-3  • 

120,000' 

-1* 

123,000 

-5 

122,500 

•6 

155,000 

Average  Ultimate  Coapreaalonal 
Strength  at  Boon  Temperature,  pal 


126,000 


132,000 


127,000 


The  above  teata  were  oonducted  on  a  ample  a  approximate]/  >375  lnohea 
in  diameter  and  *750  ihehea  in  length.  The/  were  teated  at  a  a train 
rate  of  .015  lnohea  per  minute.  Ultimate  eompreaaional  etrength  waa 
calculated  aa  the  ratio  of  breaking  load  to  original  eroaa-aeotlonal 

area, 


Thia  ultimate  coapreaalonal  atrength  data  indleatea  an  average  ultimate 
eompreaaional  atrength  for  glare -reinforoed  aluminum  of  128,000  pal  at 
room  temperature  and  a  maximum  of  155,000  pal  at  room  temperature. 
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Unreinforced  U*S  aluminum  haa  a  oompreaaive  7 laid  atrength  at 
60,000  pal  at  rooa  temperature. 

C.  Developing  a  method  of  forming  compoaltea  of  aluminum  and  bara  glaaa  fiber* 
and  evaluating  the  physical  properties  of  these  coapoeltea. 

1.  Wetting  Studlea. 

Aa  reported  pravioualy^  an  extenalva  program  vu  ooapleted  evaluating 
the  wetting  of  50  different  glaaaea  by  varloua  aluminum  alloya.  A 
atatlatloal  evaluation  of  thia  program  waa  made.  Baaed  on  thla  atatiatieal 
evaluation,  15  a  pedal,  glaaaea  were  produced  to  repreaent  varloua  predicted 
wetting  eharaoteriatloa.  Bight  of  theae  glaaaea  were  almple  modifloatlona 
of  B  glaaa,  two  were  complex  modifloatlona  of  B  glaaa,  one  waa  a  refraotory 
.  glaaa  and  two  were  glaaaea  that  were  thought  to  have  high  aolld  aurfaoe 
energiea.  Two  other  glaaaea  were  pioked  at  random. 

Vetting  teata  were  oonduoted  by  forming  fibera  of  each  glaaa,  dipping 
three  of  four  fibera  of  each  glaaa  in  each  metal  to  be  evaluated,  and  then 
vioually  examining  the  dipped  fiber  under  a  mieroaoope.  The  vetting  of  all 
the  glaaaea  by  2S|  lUS)  and  $%  lino,  IS  cadmium,  balance  aluminum  alloy* 
waa  evaluated.  The  $%  lino,  l£  cadmium,  balance  aluminum  alloy  wot  12 
glaaaea  better  than  it  wet  B  glaaa.  Six  glaaaea  were  better  than  B  glaaa 
with  reapeot  to  their  ability  to  be  wet  by  28  aluminum.  11*8  aluminum  vat 
one  glaaa  better  than  I  glaaa. 

Thua  it  can  be  aeen  that  all  but  four  of  theae  glaaa  eompoaitiona  were  aa 
good  aa  B  glaaa  for  at  leaat  two  of  the  aluminum  alloy*.  Two  of  thaa* 

(1)  H.  B.  Alloa  -  Seventh  Quarterly  Pfogreae  Report,  Contraot  KOrd  15761*. 
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inferior  glasses  vara  those  piokad  at  rand  on.  Thus  tha  statistics*  study 
gars  11  out  of  13  glaaaaa  vhioh  vara  nora  easily  vat  than  I  glaaa. 

Kovorer,  nena  of  thaaa  glaaaaa  ara  a  larga  improvement  over  I  glaaa  and 
fur  tha  r  taata  nuat  ba  oonduotad  to  aatabllah  tha  aignlfioanoa  of  tha 
lndleatad  superiority  of  thaaa  glaaaaa  to  S  glaaa.  A  ganaral  oonoluaien 
can  ba  nada  that  eartaln  glaaaaa  ara  battar  for  eartain  aluninun  alloys. 

It  may  ba  poaaibla  to  tailer-aako  a  glaaa  oonpoaition  that  would. ba  nora 
easily  vat  by  ona  apaolfle  aluninun  alloy. 

D.  Production  and  testing  of  Rlasa-rolnfbroed  aluninun  tubular  ahapaa.  ? 

It  haa  boon  found  dealrabla  in  tha  bast  intaraat  of  thia  project  to  subcontract 
to  tha  Olin*ftathiaaon  Chaaieal  Corporation  vork  on  fabricating  larga  glass - 
rainforoad  aluninun  tubas.  A  datailad  d ascription  of  this  vork  to  data  ia 
lncludad  in  Appendix  A. 

K.  Developing  a  theory  on  tha  interaction  of  natals  and  glass  fibara. 

Tha  combination  of  nost  natals  and  glass  fibers,  results  in  sons  degradation  in 
tha  strength  of  tha  glass  fibers.  It  Is  of  paramount  importance  to  under* 
stand  tha  interaction  vhioh  takas  place  between  tha  natal  and  tha  glass  fibers. 
Once  tha  interaction  is  nora  clearly  defined  it  will,  in  all  likelihood,  ba 
possible  to  control  this  interaction  and  produce  composite  materials  of  glass 
and  natals  haring  the  nost  desirable  properties.  Figure  IX  (Appendix  B) 
plots  the  roon  temperature  tensile  strength  of  nttal  coated  fibers  versus  the 
temperature  at  which  the  natal  was  applied  to  the  fibers.  This  figure 
indicates  the  effect  of  the  temperature  at  vhioh  an  alloy  is  applied  to  a 
single  glass  filament  on  the  tensile  strength  of  the  coated  fllanent.  The 

alloys  shown  in  this  figure  represent  the  best  ooating  alloys  known  to  date 

r 
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and  cover  the  rtnga  froa  reactive  to  non- reactive  metals .  rigor#  ZZ  ahowa 
thara  is  a  definite  decrees*  in  coated  fiber  tana  11a  strength  with  lnoraaaad 
natal  application  temparatura. 

It  will  be  notad  that  for  laad  and  aino  coatings  thara  is  a  snail  initial 
increase  in  coated  fiber  strength  as  the  coating  temperature  ia  lnoraaaad. 

This  night  be  explained  as  a- result  of  viscosity  changes  in  tha  natal  alloy 
allowing  lass  natal  to  be  applied  to  tha  filament  as  tha  natal  application 
temperature  is  increased.  Lass  natal  nay  causa  lass  fiber  strength  degradation. 

Figure  IX  does  not  definitely  indicate  whether  the  fiber  strength  degradation 
is  due  to  chemical,  thermal,  or  neohanioal  reaction  of  the  natal  upou  the 
fiber.  The  issue  is  clouded  since  it  is  quite  likely  that  both  of  the 
postulated  chenical  and  neohanioal  effeots  of  natal  upon  the  fiber  are 
temperature  dependent. 

F.  Developing  a  glass-reinforced  natal  haring  utility  at  temperatures  above  1000*F. 
Composites  have  been  nade  by  hot  pressing  glass  fibers  coated -with  el  uninun- 
copper  alloys.  It  is  hoped  that  these  conpoeites  would  have  better  trniaile 
strengths  at  1000*7  than  the  conpoeites  nade  by  hot  pressing  aluminas  costed 
glass  fibers.  Composites  were  made  by  hot  pressing  glass  fibers  coated  with 
a  $%  copper,  balance  aluminum  alloy.  In  general,  the  glass  fibers  used  to 
stake  these  materials  were  net  too  satisfactory  since  the  application  of  the 
copper- aluninum  alloy  resulted  in  a  rather  brittle  coated  fiber.  It  was 
,  impossible  to  apply  aluminum-copper  alloys  having  high  copper  concentrations. 

A  33£  copper,  balanoe  aluminum  alloy  nade  fibers  whioh  were  too  brittle  to 
handle. 
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Zt  hM  been  decided  to  reroute  efforts  to  thrbraaa  alloya.  la  general  those 
copper-ilno  alloye  hart  lower  Bolting- point*  than  tba  ooppsr-aluainua  alloys 
and  aay  very  vail  hart  good  high  temperature  strengths. 

Compoaitaa  hava  boon  aada  by  rainforoing  ooablnatlona  of  ouprio  and  ouproua 
ohlorlda.  This  notarial  bad  a  natal Ho  appear «nce,  appeared:  to-ba  aoaaahat 
duotila  and  quit*  tough.  It  la  thought  that  It  will  ba  poaalbla  to  relnfbrof 
aany  Inorganic  oonpounda  with  glaaa  flbara.  Thaaa  aatariala  aay  hava  utility 
at  high  taaparaturaa. 

A  now  glaaa  haa  boon  obtain  ad  whloh  can  ba  foned  in  axLating  equipment  but 
haa  a  aof tuning  range  about  1i00*F  higher  than  I  glaaa.  Thla  glaaa  should 
allow  th*  uaa  of  aatala  haring  higher  Belting  point*.  Zt  la  hoped  that  it 
will  bo  poaalbla  to  re  inf  or  o  a  copper-nickel  alloys. 


IV  FUTURE  WORK 


The  expiration  date  of  thia  contract  ia  October  31*  1957 •  negotiation  hare  bean 
opened  with  the  Navy  Bureau  of  Ordnanoe  to  extend  thia  eontraot  for  ona  year. 
Subject  to  Navy  Bureau  of  Ordnance ,  approval  work  during  the  next  qvnrtejp  will  be 
in  thia  direction. 

Olin-Hathieson  will  attenpt  to  aoale  up  the  vacuus  injection  procedure  uaed  in 
the  OCF  laboratory  to  produoo  1  inch  diaaeter  glaa a -reinforced  aluminum  tubes. 
Olin-Mathieson  will  produce  by  this  method  and  teat  in  internal  bursting  6  inch 
diameter  tubes.  Work  will  continue  on  centrifugal  casting  and  vacuum-pressure 
exiting  equipment  in  order  to  produce  large  glaia-reinfbrced  aluminum  shapes : by 
these  methods. 

i* 

A  detailed  study  of  the  aluminum-glass  fiber  interaction  will  be  continued  with  thq 
.improvement  of  room  temperature  .strengths  of  glass-reinforced  aluminum  as  a  target* 

Attempts  will  be  made  to  protect  .the  fibers  from  reaction  with  the  molten  aluminum 

:  ■  .  .  » 

in  order  to  evaluate  the  effect  of  ohemical  interaction.  Vacuum  plating  of  motels 
on  glass  fibers  will  aid  evaluation  of  the  thermal  interaction.  Beif-ooatlng  fibers 
with  metal  should  shed  some  light  bn  the  meobat&eal  interaction  of  the  metal  And  r 

the  glass  fibers. 

* 

Xfforts  will  bs  direoted  toward  development  of ;  a  theory  explaining;  the  formation 
and  behavior  of,  glass  and  metal  combinations... 

Various  inorganio  compounds  will  be  reinforoed  with  glass  fiber  in  an  attempt'  to 
make  a  glass -reinforoed  material  having  utility  above  }000*F.  High  softening • 
point  glasses  and  copper  alloys  will  also  be  combined  in  this  development. 


Additional  results  will  bs  available  on  physical  proper tios  of  glass -reinforoed 
aluainua  ooapositos.  Modulus  of  elasticity  in  shear,  compressive  strength,  a reap 
rate,  stress  rupture  characteristics,  and  fatigue  strengths  will  be  measured  at 
temperatures  up  to  lOOO'F.  The  water  absorptive  capacity  and  wet  strength  of 
glasa-reinforced  aluainua  will  be  aeasured* 

Work  will  oontinue  on  developing  iaproved  glass -reinforoed  aluainua  materials* 

The  optiaua  conditions  will  be  determined  for  forming  composites  by  hot  pressing 
aluainua  coated  glass  fibers*  Preliminary  experiments  will  be  conducted  on  the 
extrusion  of  glass*reinforoed'  aluainua. 
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I  JTOTRCPUCTIOH 


Olin  Hathlaaon  Chemical  Corporation  (QKCC)  la  a  subcontractor  to  Owens -Corning 
Tiber glaa  Corporation  (0C7)  under  oontraet  KOrd  IS 761*  for  the  parpoae  of  producing 
and  tenting  large  glua-reinforoed  aluminum  cylinder  a,  and  uaking  phjreioal  property 
measurements  of  axperiaental  OCT  glaae-reinf oread  aluminum  samples.  The  oontraet 
reada  aa  follows i 

"[•fork  under  thla  aubeontraot  ahall  be  devoted  to  fabrication 
of  large  shapoa,  particularly  tubing,  of  glaaa  reinforced 
aluminum  and  teating  of  glaea-metala  aaaplea.  It  is  under- 
stood  that  OIXC  has  available  the  knowledge  and  facilities 
for  netallurgical  proceaa  development.  Considerable  heavy- 
duty  natal-working  equipment  cfn  be  nade  available." 


The  suboontraot  vaa  issued  effective  November  1,  19$6  through  lovmaber  1,  1957* 
This  report  is  written  to  eover  activity  from  Inception  of  the  program  to 
September  15,  1957 • 

The  major  efforts  during  this  period  have  beaut 

A.  Designing  and  building  centrifugal  easting  qaohino*,  developing  easting 
teohniquea. 

B.  Product  evaluation. 

C.  Investigating  effeets  of  process  variables  on  quality  of  eastings* 

D.  Investigating  effeots  of  materials  and  proceaa  oharaoteriatloa  cm  quality 
of  oaatinga. 

I.  Inveatigating  methods  of  treating  Tiberglas  preform  to  improve  physios! 
and  phyaioo-ohamieal  oharaoteriatloa. 


— 1*  -a. 
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7.  DMlgnit’3  ^ind  building  apparatus  for  racuua-praaaur#  lajragnation  of 
Fibiri^t^Yonu. 

Q.  Phyoict  l  footing  OCT  aamploa. 

Tha  work  rapor  o£  rapraaanta  tha  eoabinad  af  Aorta  of  tbo  pariomol  of  tha  Natal* 
Qlaaa  Saction  « 1  tha  Qlaaa,  Katala  and  Plaatioa  Dapartaant  hitadad  bjr  Nr*  Kaada 
McArdla.  lokr.o^lodgamant  la  alao  aada  of  tha  valoabla  aaaia  ianoo  givan  bjr 
aaabara  of  the  Plaatioa  Baaaareh  Saotion  undar  Or.  Lao  8.  Bumatt,  Chlaf. 


II  SUiriAHT 


The  principal  objsctivs  of  thia  project  la  to  fabricate  glass-reinforced  aluminua 
tubaa  of  noainal  dimensions,  12  to  2k  inohaa  long,  6  to  8  inobaa  OJ)«,  1/k  to 
1/2  inob  wall,  whiob  will  ba  a ui table  for  bursting  atrangtb  taata  in  substantially 
the  as  east  condition  and  dimensions.  Centrifugal  eaating  appeared  to  ba  the 
■oat  promising  method  based  on  limited  experiments  bgr  OCT  using  preforma  of 
aluminum  ooated  glass  fibers-  helically  wound  on  an  aluminum  aerean  mandrel. 

Until  late  February,  1957,  therefore,  OMCC  was  engaged  in  designing,  building, 

i  \  ,« 

purchasing  and  Installing  equipment  in  a  new  laboratory  area  in  New  Haven, 
Connecticut,  for  melting,  easting  and  heat  treating  aluminum,  and  for  the 
centrifugal  casting  of  glasd-relnforced  aluminum  tubes.  Provisions  were  made  for 
recording  critical  process  temperatures  with  an  8-point  recording  potentiometer 
pyrometer.  The  present  laboratory  facilities,  devoted  almost  exclusively  to 
work  on  this  subcontract,  are  shown  in  Figure  I. 

A  150  ton  hydraulic  press,  #19  and  #20  Bliss  presses,  large  Porter-Johnson  shaper, 
Stokes  vacuum  pump,  physical  chemistry  lab,  and  physical  testing  facilities  are 
now  available  in  addition  to  a  larger  and  improved  osntrifugal  easting  machlns 
and  new  vacuum  impregnation  units  built  in  the  Mew  Haven  shops. 

The  first  casting  was  made  in  a  sand-lined  6  inch  diameter  iron  flask  on 
February  27,  1957.  A  total  of  35  glass-reinforced  alumina*  eastings  was  made  in 
this  maohine.  It  was  then  converted  to  accommodate  a  permanent  mold  of  stainless 
steel,  7*7  inohes  IJD.,  for  higher  speed  operation  at  elevated  temperatures. 

Forty- two  castings  have  been  made  sinoe  June  7,  1957,  in  the  present  machine  - 


*  total  o f  77  experimental  runs  to  dots*  DsUllsd  experimental  data  art  prasantad 
In  Table  I  and  produet  avaluation  in  labia  ZZ.  Tba  present  centrifugal  easting 
machine  and  an  array  of  east  tubas  are  shown  in  Figure  ZZ*  The  tubas  are  shown 
in  sequenee  from  left  to  right,  rear  to  front. 

Investigations  have  bean  made  into  the  effects  on  cattily  quality  of  the  process 

\ 

variables,  materials  characteristics  and  process  dynamics.  Over  a  wide  range  of 
experimental  conditions,  tha  interdependent  relationships  between  certain  of  these 

.  .  s  « 

factors  have  precluded  the  attainment  of  wholly  satisfactory  oast  tubes,  and 
laboratory  work  has  been  undertaken  concurrently  with  centrifugal  casting 
experiments  to  devise  ways  and  means  of  overcoming  weaknesses  in  materials  and 
eliminating  or  modifying  undesirable  process  dynamics.  The  results  of  this  work 
have  been  enoouraging  enough  to  warrant  further  efforts  in  this  direction. 

An  alternate  method  of  compositing  aluminum  and  Fiberglas  in  various  forms  has 
been  developed  involving  the  vacuua-pressure  impregnation  of  various  preform 
Fiberglas  shapes,  including  cylinders  and  cones.  Assembly  of  this  apparatus  has 
just  recently  been  completed,  and  the  unit  has  tested  out  satisfactorily  so  that 
experimental  work  is  now  underway. 

The  physical  strength  properties  of  196  glass -reinforeed  aluminum  samples 
submitted  by  OGF  have  been  determined  in  our  laboratories  at  both  room  and 
elevated  temperatures.  These  tests  have  included  determination  of  tansies 
strength,  elongation,  modulus  of  elasticity  in  tension,  ultimate  eompressive 
strength  and  modulus  of  elasticity  in  compression. 


in  DISC0S3I0H 


it  Centrifugal  Caatlng  Machine  Design  and  Casting  Techniques. 

1*  Construction  and  uae  of  6  inoh  caatlng  machine  t 

Bolted  ateel  structural  members  were  used  for  the  basio  framework  of 
the  nachine  ao  that  It  could  easily  be  modified  to  accomodate  cylindrical 
molds  up  to  10  inches  diameter  fay  3  feet  long.  The  first  mold  was  carbon 
ateel  8  3/16  inches  I.D.  x  12  11/16  inches  long,  driven  directly  by  a 
1  HP  motor  through  a  Lewellen  chain  drive  with  a  range  of  275  to  1800  rpm. 

i 

The  direct  drive  soon  presented  an  alignment  problem  thich  was  eliminated 
fay  changing  to  belt  driven  rolls.  Sand  liners,  either  resin  or  COg 
bonded,  were  neoessiry  in  this  steel  mold  so  as  to  insulate  it 
sufficiently  from  the  preform  preheating  element  and  the  molten  metal  to 
permit  high  speed  operation  without  exceeding  a  safe  working  stress. 
Preparation  of  satisfactory  resin  bonded  liners  proved  difficult  and 
time  consuming,  and  a  relatively  new  technique  was  applied  fay  using  <X>2 
bonded  sand  liners  formed  and  cured  directly  in  the  flask  around  a 
centralising  core.  Fiberglas  preforms  universally  wound  on  %  6  inch 
diameter  screen  support  were  encased  in  various  shell  materigle  (such  as 
stovepipe)  to  eliminate  the  coarse,  irregular  surface  resulting  when  the 
metal  was  oast  against  the  rawsand  liner.  In  this  fashion,  the  encased 
preform  oould  be  used  as  the  centralising  oore.  Best  results  were 
obtained  with  a  heavy  wall,  iron  pipe  core,  lighter  weight  materials 
proving  unsatisfactory  because  of  seeming  and  buckling  under 'heat  and 
pressure.  Centrifugal  forces  of  7  to  1A5  gravities  were  employed  in 
this  machine,  developing  radial  pressures  up  to*  11  pel  for  a  1/1*  inoh 


wall  cat ting 


The  first  pouring  trough  (for  charging  molten  natal  to  ths  rotating 
easting  chamber)  used  was  ths  "and  pour"  type •  It  was  a  rsotadgular 
block  of  graphite  bored  with  a  l  inch  hols  Widening  into  a  shallow  funnel 
at  one  end.  Ths  trough  was  heated  on  three  sides  along  its  length  with 
externally  mounted,  powers tat  controlled  calrods  to  maintain  fluidity 
of  the  cast  metal.  The  trough  and  heater  assembly  was  mounted  on  a  track 
and  could  be  traversed  in  and  out  of  the  spinning  mold  with  a  hand  orank. 

This  arrangement  also  allowed  the  oalrod  heaters  to  supply  radiant  boat 

* 

to  the  Fiberglas  preform  before  casting.  Also  mounted  on  the  traok  in 
pouring  position  was  a  frame  supporting  the  hand  shank  and  graphite 
crucible  containing  the  alloy  melt.  Pouring  with  this  type  trough  has 
the  disadvantages  of  rapidly  developing  high  shear  and  compressive  fore  eg 
as  well  as  making  it  more  difficult  to  obtain  even  metal  distribution. 
However,  it  is  believed  that  air  and  other  gases  are  not  as  likely  to  be 
entrapped  within  the  cast  tube,  but  are  swept  to  the  mold  muds  where  they 
can  easily  escape. 

.A  heated  graphite  box  trough  with  a  bottom  pour  slot  was  tried  without 
•  . 
success  sinoe  even  distribution  could  not  be  achieved.  The  slot  was  then 

plugged  and  the  trough  mounted  on  a  rotatable  shaft  so  that  the  molten 

metal  could  overflow  in  a  thin  stream  along  the  entire  length.  This 

method  was  abandoned  because  the  geometry  of  the  mold,  end  flanges  and  * 

trough  severely  limited  the  volume  of  metal  which  could  be  oast  in  one 

shot. 
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Refinements  of  the  end  pour  technique  followed  with  the  addition  of  a 
gear  motor  to  drive  the  traok*  and  a  oaa  follower-guide  rail  dorrioe  to 
tilt  the  oruoible  at  a  predotermined  rate  to  obtain  an  wren  distribution 
of  oast  metal.  It  was  neoessaxy  to  put  aside  the  latter  donrioe  temporarily 
because  of  the  necessity  for  laborious  reoalibration  in  eaoh  suooeeding 
experiment  to  oonfora  to  the  inoreased  or  decreased  metal  shot  required 
by  the  use  of  various  dimension  Tiberglas  preforms*  food  results  were 
obtained  in  most  oases  with  this  device*  however*  and  warrant  its  ucs  on 
the  present  as  soon  as  a  standard  dimension  preform  is  used* 

A  total  of  3$  castings  was  made  in  this  machine  before  it  was  converted 
to  accommodate  a  longer  stainless  steel  permanent  mold*  Pertinent  data 
are  reoorded  on  page  1  of  Table  I  (Appendix  A)*  A  picture  of  this  nachlms 
is  carried  in  an  earlier  report*^ 

2*  Construction  and  Use  of  8  inch  casting  machine* 

A  heavy  wall  stainless  steel  (type  304)  mold,  7*7  lnehes  1*D*  x  36  inches 
long  was  fabricated  and  installed  in  the  modified  base,  together  with  a 
3  HP  Vari drive  motor*  These  modifications  permit  oasting  longer  tubes 
dirootly  into  the  mold  at  higher  rpm  and  higher  temperatures*  A  draft  of 
*020  inch/foot  was  provided  to  facilitate  removal  of  the  finished  castings* 

This  high-strength  mold  eliminated  the  need  for  sand  liners  and  inserts 

« 

which  would  beooma  increasingly  more  difficult  to  asseablo  for  longer 
castings*  Centrifugal  force  was  mads  available  through  a  range  of  7-1200 
gravitlee  at  from  250  to  3362  rpm*  Radial  praasuraa  up  to  30  pel  for 
1A  inch  wall  castings*.  60  psi  for  1/2  inch  wall  oaatings  and  74  psi 


(1)  B*  B*  Ailaa  -  Saoood  Annual  Programs  Report,  Oontraet  HOrd  15764* 


for  *  5/6  Inch  wall  Stating  vara  attainably . 

Tha  uaa  of  haaviar  shafts,  aalf -aligning  bearings,  oantral  guida  rollers, 
hold-dovn  safety  rollara  and  A-belt  drira  raaultad  in  smoother  oparation 
with  laaa  vibration.  A  longar  graphita  tuba  faadar  and  pour  box  vara 
fabricated  for  oaating  tubes  up  to  20  inches  long,  tha  maximum  length  of 
prefom  that  OCF  cpuld  wind.  Zt  became  necessary  than  to  wind  pre ferae  to 
7.7  inch  O.D.  specification.  A  aplit  bulkhead  ring  is  inserted  in  tha 
flask  to  permit  easting  tubas  shorter  than  the  36"  flask  length. 

t 

External  gas  burners  vbra  installed  to  preheat  tha  flask,  an  internal  gas 
fired  radiant  tuba  or  open  gas  flaaa  is  used  to  prehsst  the  7ib«rglas 
prefom  in  place.  Tha  trough  is  preheated  in  an  sleotrio  furnace  prior  to 
casting. 

A  picture  of  the  present  sac  bine  is  shorn  in  Figure  II,  below  an  array  of 
77  glass -reinforced  aluminum  oast  tubes  m^de  in  this  and  tha  previous  unit 
Pertinent  data  on  the  1*2  castings  made  in  tha  present  unit  are  carried  on 
the  second  and  third  pages  of  Table  I  (Appendix  A).  Some  of  these  runs 
were  necessarily  nade  with  glass  fonts  other  than  universally  wound 
cylinders,  when  our  supply  of  these  was  temporarily  exhausted.  For  the 
same  reason  a  few  castings  were  nade  .with  sons  overruns  of  smaller 
universally  wound  prefer  ms  by  encasing  then  in  heavy  wrappings  of  asbestos 
etc.,  to  fit  the  larger  flask. 

B.  Product  Evaluation. 

All  castings  so  far  have  had  obvious  physical  defeets  which  aside  them 


unsuitable  for  physical  tasting  in  thslr  as  oast  state.  Sound  ssotions  wars 
generally  too  short  to  arold  major  end  effects  in  burst  strength  tents.  Zn 
addition,  wide  variations  in  wall  thickness  sade  it  lnpraetieal  to  turn  down 
the  tubes  on  a  lathe.  Whenever  this  was  done,  hidden  defeeta  were  uncovered. 

The  evaluation  of  the  east  tube  produota  So  far  has  been  neoessdrily 
qualitative  rather  than  quantitative,  since  no  physieal  test  data  are  yet 
available.  However,  auoh  was  learned  concerning  the  apparent  affects  of 
prooesa  variables,  materials  characteristics  and  process  aeohanlos  through  a 

careful  scrutiny  of  the  eastings  and  alorbsoopio  examination  of  transverse  an4 

« 

longitudinal  aeotions  out  froa  than. 

’  < 

Product  evaluation  data  are  presented  in  table  IX  (Appendix  A)  dad  are  largely 

self-explanatory  with  tile  aid  of  photograph,  references. 

'  ££fS£&£  a£  Prooeaa  Variables  6n  Quality  of  Castings. 

1.  Preheating  flask  and/or  glass  prefora. 

OCF.has  observed  that  the  initial  (2-3  minute)  tensile  strength  of  I  glass 

.  . ,  j! 

fibers  decreases  with  temperature  froa  1*75,000  pal  at  room  temperature  to 
175,000  psi  at  1200*?.,  most  of  the  strength  loss  oocurring  above  500*?. 
Excessive  fiber  embrittlement  has  been  observed  in  eaoh  oasting  experiment 
involving  the  preheating  of  the  glass,  sines  this  takes  considerable  tins* 
Then,  too,  netAl  oasting  temperatures  up  to  1500*?  are  Involved  and  the 
castings  have  not  been  rapidly  chilled.  This  could  be  done  with  a  water 
spray  on  the  mold,  assuming  oonplete  penetration  to  the  mold  wall  is 
achieved.  Concurrent  laboratory  experiments  do  indleate  that  heating  glass 
fiber  structures  to  1000*?  or  over  facilitates  metal  coating  but  does  not 
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materially  assist  penetration.  Centrifugal  ousting  results  art  seemingly 
just  as  good  without  preheating  the  glass,  but  there  is  no  physical  data 
yet  to  substantiate  this  observation. 

Vhralng  the  sold  to  300*  to  liOO *F  has  been  found  helpful  in  assisting 
penetration  and  avoiding  eold  shuts. '  Higher  tenperatures  result  in 
difficult  extraction  of- the  eaeting  from-the  no Id. 

2.  Bare  fibers  vereua  aluminum  ooated  fibers. 

It  was  found  in  early  experiments  that  the  aluninua  coating  on  saaller 

i 

diameter  fibers  (.1*  ail  diameter)  oxidised  excessively  during  proheat  and 
penetration  of  the  fibers  wee  poor.  Larger  diameter  bare*  fibers  (1-2  nil 
diameter)  were  penetrated  more  successfully  In  later  experiments.  It  is 
believed  that  an  evaluation  of  1-2  ail  aluminas  ooated  fibers  without 
preheat  would  be  helpful  in  establishing  definitely  whether  the  fiber 
spacing  effect  can  contribute  to  better  eaeting  quality. 

3*  Fiber  diameters,  thicknesses  and  weights  of  preform.  , 

Fibers  between  1  and  2  ail  diameters  apparently  yield  optlaos  results, 
larger  diameters  beocming  too  brittle  to  handle,  smaller  diameters  offering 

more  resistance  to  penetration  by  molten  aluminum*  It  is  very  important 

# 

that  winding  thleknsss,  nosber  of  strands  wound  simultaneously,  number  of 
ends  in  strand,  fiber  diameters,  bulk  density  and  O.D.  be  standardised  as 
muoh  as  possible  from  now  on  so  that  the  effect  of  other  prooess  variables 
can  be  more  clearly  delineated.  It  is  suggested  that  preforms  be  wound  at 
tightly  at  practicable  on  a  rigid  shipping  tube  which  can  be  easily  removed 
once  plaoed  in  the  mold.  The  O.D.  of  the  winding  should  be  sueb  that  the 


preform  fits  snugly  in  ths  7.7  inch  I.D.  flask.  Windings  of  .001  to 
.0015  inch  disaster  bars  fibers  should  be  esteblished  es  standard  until 
changes  in  these  specif ioatione  are  warranted  by  experloental  results. 
Actually,  much  more  thickly  wound  preforms  have  been  used  with  considerable 
difficulty  in  preparation  for  easting  (easting  #60,  2067  gas.  glass).  The 
middle  preform  in  Figure  V  illustrates  an  approach  to  the  kind  of  structural 
integrity  desired,  compared  with  the  two  shown  with  heavier  windinge. 

The  fibers  in  some  eases  should  also  be  coated  in  forming  with  a  layer  of 
a  specific  aluminum  alloy  so  that  the  value  of  this  technique  may  be 
determined  under  controlled  experimental  oQndltlons. 

U*  Qlaaa  types. 

The  results  of  experiments  with  glass  forms  other  than  universally  wound 
continuous  fiber  preforms  have  been  disappointing  and  indicate  that  the 
latter  still  may  be  considered  the  most  suitable  preform  structure  fqr 
centrifugal  casting  of  tubular  shapea.  The  other  forms  investigated  have 
a  much  lower  bulk  density,  are  more  highly  oampressihle,  resulting  in  poor 
distribution  of  fibers  in  the  composite.  Fiberglas  fabrlos  and  screening 
are  not  under  serious  consideration  because  of  low  glass  loading,  extreme 
resistance  to  fiber  penetration,  etc.  Casting  Mos.  69  and  71»  Figure  IF, 
are  examples  of  tubes  incorporating  fabric  and  soreen,  respectively. 

Because  of  the  extremely  open  weave  of  the  screen,  good  penetration  was 
achieved  (but  not  into  the  strands)  in  Mo.  71,  and  a  fairly  regular  2h" 
casting  was  obtained  which  may  be  worthwhile  testing  for  bursting  strength* 
The  heavy  polyvinyl  ehlorlde  coating  on  the  strands  was  not  removed  pfior 


to  elating*  10  that  advantage  oould  bo  taken  of  tho  spaoer  of  foot.  Moot 
«f  this  ooa ting  burned  off  daring  ©noting,  bat  released  objectionable 
HC1  vapors. 

Internal  preform  aupporta. 

Xdght  gage  screen  naterials  (see  aluninua  screening  in  Figure  V)  ore  not 
rigid  enough  for  long  heavy  windings,  and  heavier  Materials  tend  to  ran 
eccentrically  in  the  aachine.  All  such  supports  offer  additional 
resistance  to  radial  flow  of  oast  aetal,  absorb  heat  froa  the  oluainua  In 
Melting,  and  introduce  oxide  files  which  are  undesirable.  Much  better 
results  are  obtained  when  the  fiber  struoture  has  enough  integrity  to 
pernit  rOnoval  of  the  Internal  support  before  casting. 

External  wraps,  surface  character  la  tics. 

A  single  wrap  of  Coronet  or  expanded  aluninua  sereen  (Figure  V  shows 
expanded  aluninua  sereen)  around  a  universal  prefora  provides  a  thin 
insulating  layer  of  low  density  which  enables  aare  aetal  to  flow  through 
the  outernost  strands  of  the  prefora  fibers  before  freeslng  off  at  the 
mold  wall.  A  somewhat  smoother  outside  surface  nay  be  attainable  by  this 
technique  which  has  not  yet  been  fully  explored.  Figure  IV,  Mo.  St, 
illustrates  the  matte  surface  obtained  in  sons  areas  with  one  Coroaat 
outside  layer  which  Itself  was  not  penetrated  but  was  brushed  off  after 
casting.  Expanded  aluninw  sereen  nay  prove  to  be  even  aore  effective 
In  this  respect. 

Centrifugal  force. 

The  weight  of  aluninua  cost  is  calculated  to  f^  an  estimated  90#  voids 


within  the  Fiberglas  preform  structure  aa  auppliad  by  OCf  j  tha  more  glass, 
tha  aora  alualnua  required  to  fill  tha  roida.  Centrifugal  forca,  axpraaaad 
In  Qraritiaa,  varies  direotl;  with  tha  radius  of  tha  aold  and  tha  square  of 
tha  aold  rpm(  baing  lndapandant  of  tha  aaount  of  natal  oaat.  Radial 
praaauraa  developed  In  tha  molten  metal  dapand  not  only  on  tha  rpa  bat 
on  tho  wall  thioknaaa  of  tha  eaating  bafora  tha  aatal  fraaaaa.  Since 
complete  panatration  ha a  not  boon  achieved  with  radial  praaauraa  op  to 
30  pal  for  1/1*  inch  wall  oaatlnga  (60  pal  -  1/2  inoh  wall)  72  pal  -  5/8 
Inch  wall),  it  nay  ba,  daairabla  to  pour  a  aatal  ahot  considerably  In 
axoaaa  of  tho  theoretieal  aaount  raquirad  to  fora  a  flniahad  oaatlng.  Thua, 
higher  radial  praaauraa  oan  ba  appliad  without  rabuildlng  tho  aaohlna  to 
achieve  hlghor  aold  apaada.  Thia  prooadura  la  oontaaplatod  In  tha  future 
,H6rk  section  of  this  report. 

8.  Alualnua  alloys,  ato. 

Tensaloy,  a  noalnal  85  sino,  0.14  aagnaslua,  0.85  opppar,  balance  alualnua, 
alio;  was  used  In  tha  earlier  castings  beoauso  it  has  good  strength 
properties  and  la  an  age  hardening  alio;  not  requiring  heat  treatment 
subsequent  to  casting.  Such  treatment  was  known  to  cause  severe  warping 
In  .vacuus  injected  glass -reinforced  aluainus  rods  aade  In  tha  OCf  labs. 
However,  tho  foundry  characteristics  (fluidity,  resistance  to  hot  o racking, 

i  * 

and  pressure  tightness  of  castings)  of  Tansalo;  ware  not  oonpatibla  with 
tha  centrifugal  casting  process.  Aa  alio;  possessing  batter  characteristics 
was  sought  and  fovnd  in  8C51A  (nominal  5 5  silicon,  15  copper,  balance 
alualnua  alio;).  AUo;  S5A  (55  silicon,  balance  aluminas)  was  selected 
as  an  alternate  material.  AUo;  SC51A  gave  much  batter  results  than 


Tensaloy  or  won  S5A,  and  was  aatabllahad  aa  tha  temporary  standard  for 
noat  of  tha  easting  experiments  in  the  present  Machine .  OCF  was  asked  to 
evaluate  this  alloy  in  their  vacuum  injection  process  for  making  0.1*5  inch 
diameter  rods  with  longitudinally  oriented  flbera.  A  recent  report  on 
physical  tests  of  a  aeries  of  such  samples  Indicates  an  average  tensile 
strength  of  25,700  psi  at  room  temperature.  In  effect,  the  8C51A  alloy 
produced  a  composite  as  strong  as  those  made  with  the  U4S-T6  alloy  upon 
which  OCF's  best  data  had  been  obtained  previously.  It  is  further  noted 

that  the  SC51A  composites  were  not  heat  treated  (therefore,  not  varped) 

» 

before  testing)  the  lhS  composites  were.  8C51A  is  normally  heat  treated, 
however,  to  develop  maximum  strength,  and  significant  improvement  can  be 
expected  in  tensile  strength  of  glass-reinforced  aluminum  if  warping  oan 
be  held  to  a  minimum  during  heat  treatment.  The  tensile  strength  of  sewn 
SC51A  composites  tested  had  a  standard  deviation  of  only  7 1  indicating 
remarkably  consistent  results  for  oomposites  of  this  type. 

2S  aluminum  and  alloys  litS,  323,  23  containing  1%  cadmium,  11/2%  sine, 
and  323  containing  7.3W  «ino  were  oast  in  an  attempt  to  eorrelate  results 
with  OCF  data  obtained  with  these  alloys .  Results  were,  in  general, 

unsatisfactory. 

• 

It  is  good  foundry  practice  to  hold  pouring  temperatures  within  50*  to 
75*F  of  the  melting  point.  However,  the  compositing  prooess  requires  more 
heat  content  to  maintain  the  fluidity  of  the  metal  long  enough  to  penetrate 
the  glass  fibers.  Therefore,  metal  pouring  temperatures  wars  increased 
up  to  1500*7  for  the  moat  part.  This  limit  was  established  to  avoid 
excessive  oxidation  and  absorption  of  gases  leading  to  porosity. 


Inclusions  and  defects  in  oast*ng.  It  is  oontenplated,  however,  that 
More  superheat  may  ba  rtquirsd  to  aaintain  liquidus  taaperaturee  in  tha 
spinning  mold  until  ooaplat#  penetration  of  the  Fiberglss  prefora  is 
achieved.  (See  Future  Work  seotion).  Added  precautions  aust  then  be 
taken  to  Maintain  aetal  purity. 

D.  Effects  of  Materials  and  Process  Charactariatica  on  Quality  of  Cas tints.  , 

1.  Flberglas  pre forms. 

It  was  found  that  several  characteristics  of  the  preforas  used  have 
prevented  the  attainaeat  of  good  oustings t 

a.  Bare  glass  is  not  wet  by  aolten  alualnua,  strands  resist  penetration. 

b.  Qlass  fibers  are  eabrittled  by  tiae-at-teape retire,  and  weakened  by 
rubbing  in  contaot  with  each  other. 

o.  Helically  wound  glass  forns  are  of  low  bulk  density*  thus  are  highly 
compressible  by  centrifugal  force  and  radial  pressures  developed  in 
the  aolten  aetal.  Strands  tend  to  nigra te  during  easting  and  the 
oompressed  fibers  strongly  resist  penetration  by  aolten  aluainua. 

d.  A  loose  helical  wind  gives  rise  to  longitudinal  oontraotion  of  profonl 
at  high  rpa,  allowing  oast  aetal  to  flow  around  enda  of  prefora* 
creating  back  pressure  which  results  in  bunching  of  strands*  uneven 
wall  thickness*  poor  penetration. 

e.  Louse  construction,  laok  of  ridigity*  and  variable  0J)»*  introduce 
handling  probleas  in  preparation  for  easting.  Atteapts  to  ovoroosM 
these  and  associated  deficiencies  are  discussed  in  I.  below* 


2.  Prooeas  dynamics. 

a.  Only  moderate  radial  pressure  is  developed  at  speeds  of  3li00  rp* 
beoauae  only  thin  Wall  castings  of  a  light  metal,  aluminum,  aro  being 
attempted.  However,  this  prasaura  1a  developed  almost  lnstantanaously 
with  Impacting  force, which  compresses  tha  glass  fibers  unevenly. 

b.  Consldsrabls  shear  foroos  ara  davalopad  as  tha  oast  metal  is  rapidly 
aooslaratad  to  tha  rpa  of  tha  flask.  Thass  foroas  taar  tha  glass 
flbars  and  distort  tha  pro fora  gaoastry* 

» 

Prasaura  modifications  dasignad  to  overocme  thasa  limitations  ara 

a 

oontaaplatad  undar  tha  Futura  Vork  saotlon. 

I.  Modification  of  Flbarglss  Prafora  to  Improve  Physical,  and  Phyaioo-Chsnioal 
Charaotaristioa . 

To  alleviate  soma  of  tha  Flbarglss  prafora  waaknsssas  no  tad  in  D.  above,  it 
was  undar  taken  to  find  active  agants  with  which  preforms  could  ba  treated  to  i 

1.  Enhance  wettability  of  tha  fibers,  thue  assisting  penetration  and  resulting 
in  batter  bond  strength.  Because  a  molten  metal  possesses  a  high  free 
surface  energy,  it  has  a  high  angle  of  eontaot  (or  low  work  of  adhesion) 
on  a  glass  surfaoe  and  will  not  wot  it.  Exploratory  experiments  have  bean 
conducted  in  tha  laboratory  with  the  object  of  overcoming  this  difficulty 
by  ooating  glass  flbars  with  organle,  inorganic  and  metal-organic  salts  to 
reduce  interfaeial  tension  at  tha  instant  of  eontaot  with  tha  molten  natal* 
Zn  every  trial  where  a  astal-organio  was  applied  to  glass  fiborp,  aolten 
aluminum  coated  them.  Erratic  and  uopredietable  results  ware  obtained 


with  inorganic  a  alts.,  Oxide  coatinga  of  load,  titanium  and  barium 
produced  an  unwet table  surface.  Experiments  with  TiC  are  continuing  on 
the  basis  of  reports  indicating  that  its  high  free  surfaoe  energy  is 
effective  in  rendering  various  surfaces  wettable  by  aolten 
Although  OCF  experiments  indicate  that  precoating  fibers  with  aluainua  In 
the  fencing  process  is  helpful  in  pr oaoting  penetration  and  wettability, 
theae  effects  have  not  been  observable  in  centrif ugal  casting  work. 

Protect  glass  fibers  froa  degrading  effects  of  heat  and  abrasion  with  a 
coating  which  also  spaoas  the  individual  flbera  apart  to  aaalst  penetration 
The  coating  must  be  effective  in  very  thin  layers,  be  volatilised 
completely  by  the  oast  natal,  or  be  innocuous  to  the  natal  wtrlx  by 
alloying  efflotively  with  it.  A  coating  of  this  nature  would  best  be 
applied  at  the  tine  of  forming  the  fibers.  An  aluminai  coating  serves 
as  a  protective  layer,  but  it  is  believed  that  an  oxide  f  11a  on  the 
greatly  extended  surface  precluded  effective  wetting  and  penetration  in 
the  centrifugal  casting  experiments. 

Various  organic  ooatlngs  which  also  rigidised  the  preform  were  tried 
without  success.  Such  a  dual-purpose  coating  would  eliminate  the  need 
for  internal  screen  s  14} ports,  minimise  migration  of  fibers,  result  in  more 
uniform  fiber  distribution,  and  make  preforms  easier  to  handle  in  prooess. 

A  solution  of  styrene  resin  was  applied  to  a  preform  which  became  somewhat 
rigid  when  dried,  and  molten  aluminum  was  oast  into  it  (Figure  XV,  Mo.  $1). 
Although  most  of  the  resin  was  burned  off  as  it  came  in  contact  with  ths 
molten  aluminum,  penetration  was  not  Improved.  Some  strands  were  bonded 


together  and  not  penetrated  at  all  (aaa  Figure  IV,  lo.  $1).  Similar 
results  wart  obtained  with  polymethylmethacrylate,  ethyl  oelloloee,  sodium 
ailioate,  and  polyvinyl  ohlorida. 

F.  Design  and  Conatructlon  of  Apparatm  for  Vacuum-Pressure  Impregnation  of 
Flberglaa  Forma. 

This  apparatus  provides  for  the  vaeucm  removal  of  entrapped  air  in  the  preform, 
and  takes  advantage  of  the  faot  that  oontaot  angles  between  a  solid  and  liquid 

i»  .  i 

are  lower  in  a  vacua  than  in  air.  The  disadvantages  of  oentrifugal  ousting 
prooeas  dynamics  are  eliminated  and  a  uniform  distribution  of  gradually  applied 
forces  is  aohieved  with  atmospherio  or  higher  nitrogen  pressures.  Oxidation 
of  fiber  ooatings  and  molten  aluminum  is  held  at  a  minimum.  The  ability  to 
preheat  the  Flberglaa  in  vaouo  is  also  an  advantage. 

Essentially,  the  unit  eonslsta  of  a  vacuum  chamber  containing  a  graphite 
melting  pot  on  a  hot  plate  imbedded  in  refractory  sand  and  surrounded  by  s 
closely  fitting  refractory  cylinder  in  which  are  imbedded  heating  colls  of 
ni-chrome  wire.  Between  the  pot  and  the  vaouun  tank  is  a  reflecting  shield 
of  brass  which  has  been  ohrome  plated  on  the  inside  surface  mid  is  fitted  with 
a  cover  containing  a  trap  door  operated  by  two  rods  extending  through  the 
side  wall  of  the  ohamber.  This  shield  prevents  the  tank  from  beoaaing  heated 
to  unsafe  temperatures  under  applied  vacuum  or  pressure  as  well  as  permitting 
some  control  of  the  preheating  of  the  Fiber glas  preform.  The  preform  is 
.  suspended  above  the  shield  on  a  holding  device  mounted  on  a  rod  whloh  passes 
through  a  bushing  at  the  top  of  the  tank.  Temperatures  at  six  critical  points 
are  continuously  reoorded  by  a  recording  potentiometer  pyrometer.  Fewer  leads 


« 


and  therno-ooupla  wire*  art  aaalad  into  tha  tank  wall  through  two  ooparato 
plaatlo  buahinga.  Proviaiona  bar*  baan  made  for  praaaurialng  tha  raaaol  with 
nitrogan  whilo  tha  praform  la  aubatargad  under  tha  aurfaoa  of  tha  molten 
aluminum,  to  aid  la  full  penetration  of  tha  fibara. 

0.  Phyaioal  Teatiiw  of  0C7  Samples. 

A  Tiniua  Olaan  plaativaraal  machine  which  waa  available  in  tha  plaatioa 
aeotion  of  tha  Cklaaa,  Matala  and  Plaatiea  Department  waa  provided  with  tha 
aoeaaaoriaa  required  for,  room  teaperature  add  elevated  temperature  taatiag  of 
glaaa-rainf oread  aluminua-aaaplea .  Thoae  aoeaaaoriaa  lnoludad  a  Foxboro 
controller  for  a  16  inoh  Marahall  furnaoa,  an  82  type  extern  owe  tar  and 
tranafar  mechanism,  and  a  aat  of  V-jaw  grlpa  and  threaded  and  apaoiaon  holdara. 
Tha  taaparatura  range  of  tha  furnaoa  peralta  tea ting  of  apaolaana  up  to 
1800*7.  Thia  equipment  ia  ahown  in  Figure  X.  Tha  taating  aaohine  waa  already 
equipped  with  compression  plataa  and  a  atreaa-a  train  raoordar. 

Tha  phyaioal  atrangth  propartiaa  of  196  glaaa-rainf  aroad  aluminum  aaaplea 
aubmittad  by  OCP  have  baan  datarminad  in  our  laboratories  at  both  room  and' 

•i 

elevated  tamparaturaa.  Thaaa  teata  have  lnoludad  datarmlnation  of  tanaila 
atrangth,  elongation,  modulua  of  elasticity  in  tanaion,  ultimata  oompraaaiva 
atrangth  and  modulua  of  elasticity  in  compression. 
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A.  Modification  of  centrifugal  oaating  daaign  and  techniques  will  be  continued 
with  the  purpoaa  of  minimising  tha  very  high  abaar  and  eoapresaive  f drees 
involved  in  eaating  aoltsn  natal  into  tha  Viberglaa  prafora  at  high  aold  speeds* 
Thia  may  ba  accomplished  by* 

1*  Providing  an  auxiliary  low  spa  ad  drive  which  will  enable  oaating  tha  whole 
ahot  at  alnlaua  retention  apaada  aa  lew  aa  110  rpaj  than  lnoraaaing  the 
apeed  gradually  with  tha  aain  drive  to  develop  aaxiaua  centrifugal  force. 
■Pumping*  action  of  the  aoltan  natal  at  tha  low  apaada  should  alao  assist 
in  penetration  of  tha  prafora  under  conditions  of  ainlaaa  radial  pressure. 
Increased  contact  tine  between  the  aoltan  natal  and  glass  fibers  before 
f reeling  begins  at  the  sold  wall  la  expected  to  iaprove  wetting  of  fibers) 
and/or 

2.  Using  a  screen-type  or  turbine -type  accelerator  built  into  the  centrifugal 
casting  aold  to  accelerate  the  oast  natal  tangentially  to  the  ciro  inference 
of  the  aold  and  thus  materially  reduoe  shearing  action. 

3.  In  conjunction  with  the  above,  a  double  or  triple  shot  of  aoltan  aluainua 
nay  be  cast  at  one  tine  to  aultiply  the  radial  pressure  developed  at 
aaxiaua  machine  speeds  as  well  as  to  gain  the  advantages  of  the  additional 
heat  content  of  tha  extra-natal.  In  this  case,  a  melt-out  bulkhead  could 
be  provided  at  one  and  of  tha  aold  which  would  allow  the  bulk  of  tha 
exoesa  natal  to  overflow  at  a  predetermined  tlnq  into  a  reservoir  and  be 
recovered  therefrom.  This  would  eliminate  the  moesslty  for  extensive 
naohiaing  operations  to  produce  a  finish pd  ousting. 


A.  Laboratory  investigations  will  ba  oarriad  on  to  find  aurfaoo  aotlve  a|tnto 
or  othor  treatments  of  tho  Fiborglss  natarialo  which  will  parform  ona  or 
■ora  of  tha  following  funotionai 

1*  Inoraaaa  tha  wettability  of  tha  fibara.  A  variation  of  tho  naturo  of  tho 
glaaa  has  boon  diaeardad  aa  ralativaly  on Important.  But  it  la  stronqly 
fait  that  fluorine  in,  or  ohaaieal  traataant  of,  tho  glaaa  aurfaoa  by 
non-aquaoua  vapors  of  halidaa,  particularly  fluorldoa  and/or  ehlorid^a  of 
ailicon,  germanium,  tin,  laad,  aluainua,  boron  and  aiadlarly  electro*, 
nsgativs  alsaonta  would  giva  improved  bonding  without  vigorously  stroking 
tha  glaaa,  Perhaps  avan  gasaoua  chlorina  would  ba  affaotlva,  but  In  any 
avant  a  chlorina tad  aurfaoa  la  axpactad  to  ba  an  inprovnaent,  espeoiqlly 
if  ohlorina  can  ba  counaetsd  to  ailloon.  It  la  also  thought  that  , 
traataant  of  tha  glaaa  with  a  borana  night  ba  productive  of  a  aora  wattabla 
boron  akin, 

2.  Act  aa  a  fiber  spaosr  to  assist  penetration  of  tha  aoltan  natal,  and 

»• 

9*  Temporarily  rlgidise  tha  praforn  shape  to  faoilitata  handling,  taper} 
diaonalonal  stability,  and  alininata  tho  need  for  inner  support  aoreans 
aa  pall  as  tha  tandanoy  Of  halloally  wou||d  fibers  to  cost  root  longitudin¬ 
ally  whan  spun  at  high  apaoda, 

» 

It  is  believed  that  either  plaatio  or  natal  ooatlnga  oan  ba  applied  whiob 
will  parfern  noro  than  one  of  these  functions  simultaneously. 

C.  An  alternate  oonpoaitlng  method  based  on  tha  vacuun  injeotlou  of  alwinun  into 
Pibarglas  universally  wound  on  a  nandrel  is  now  being  investigated.  The 


The  procedure  ia  based  on  the  results  of  OOP's  laboratory  experiments  by 
which  they  produoed  a  1  Inch  tube  which  when* tested  exhibited  satisfactory 
rim  strengths. 

The  OOT  01 ass -Metals  Research  Laboratory  will  supply  strands  of  aluminum 
coated  fibers  to  the  Ashton,  Rhode  Island  Textile  Division  labs*  where  a 
tight  helical  winding  of  these  fibers  will  be  applied  on  an  18  inch  long  steel 
mandrel,  5  inches  in  diameter,  supplied  by  GMCC.  This  mandrel  is  a  length  of 
1015  steel  pips,  specially  case  hardened  and  fitted  to  the  standard  2  inch 
winding  mandrel  used  in  the  Ashton  lab.  The  pipe  mandrel  oarrying  the  glass 
winding  will  then  be  Inserted  snugly  into  a  length  of  6  inch  diameter  case 
hardened  steel  pipe  having  a  1/1*  inch  wall  and  a  5  1/2  Inch  14).  A  flange 
containing  a  vacuum  connection  will  then  be  welded  to  one  end  of  the  assembly 
so  as  to  seal  completely  the  annular  apaoe.  This  unit  will  then  be  heated  by 
combustion  gases  over  an  aluminum  melting  furnace,  the  open  end  then  submerged 
in  tiie  molten  aliminum  and  full  vacuum  gradually  applied  so  that  atmospheric 
pressure  will  inject  the  molten  aluminum  into  the  glass  preform. 

D.  Bursting  strength  tests  and  other  physioal  measurements  will  be  conducted  on 
suitable  tubular  products.  An  apparatus  for  determining  the  bursting  strength 
of  7.7'inch  04).  glass-reinforced  alumlnua  tubes  has  already  been  designed  and 
bids  have  been  requested  for  its  fabrication.  The  rim  strengths  of  the  glass- 
reinforced  aluminum  composites  will  be  calculated  from  bursting  streiyth  data 
obtained  with  this  apparatus. 

1.  Vacuum-pressure  impregnation  techniques  will  be  investigated  with  both 
o#lindrioal  and  dish-shape  fiberglas  preforms,  using  the  apparatus  shown  in 


Figura  mi  and  prarioualjr  dtacribad. 

F.  Fpjralcal  tasting  of  OGF  glaaa-rainforead  aluaiaua  aaaplaa  will  ba  eontlnuad 
M  raquirad. 
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N 
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t» 
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ft 
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t» 

ARF 

400 

400 

1500  3200 
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2 
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♦* 

3450 

Tone 

ft 

MC 
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ft 

2 
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5900 
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It 
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— 
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5900 
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ft 
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ft 
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1500  3200 

5020 
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P 
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•t  • 
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400 

1500*  3300 

3580 
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tt^ 

SilL-lA 
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Gas  O.D. 

tt 

MET 
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— 

1200+2825 

4350 

t! 

2 

It 

Q0S0 

Ctes  O.D.  »> 
rla-ao  I.D, 

H 

XRFC 
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630 

1200+  2772 
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•f 

2 

•• 

•t 

7730 

Gas  O.D. 

ft 

KRF 
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1200+  3061 
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2 

Exp.  Al 

It 
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»» 
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1200+  3200 

8720 
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3 

Al,  18x14 

It 

1729 
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tt 
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1300+  3200 
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a 

Exp.  Al 

*? 

1*078 

It 
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MRP 
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460 

1200+  3291 
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Typo- of  Olasa 


fiber  01  cum.  Ho. 

01ft*  Hgt.  Profora  uf  Screen  Typo, 
Milo  Om.  Hrapped  la  Eads  Inner 


Typo  of 
katftl 


85 

Bare  Fiber  Pref.  Mo.  Of 

2 

472 

Asbestos, Exp. 
Al  Screen 

2 

Exp.  Al 

SC31A 

68 

Bare  Fiber  Pref.  He*  53 

3 

294 

Stove  Pipe, Exp. 
Al  Screen 

1 

99 

ft 

67 

f°- 1M 

2 

689 

Bxp,  Al  Scr. 

2 

99 

85A 

68 

Bare  Fiber  Pref*  Ho.  107 
soaked  in  Sodlua  Silicate 

2 

721 

Hone 

2 

99 

*t 

66 

Glass  Cloth  16x14  Heave 

KG  401  Filter  Media 

— 

645 

99 

— 

Hoo* 

3C51A 

70 

Glass  Cloth  16x14  Heave 

BG  401  Filter  Media 

— 

710 

•9 

— 

n 

99 

71 

Plastic  Coat.Fiberglaa 
Screen  14x16,  525  vgt* 

a<e 

240 

•9 

— 

99 

*t 

72 

1/2  Al.Coat.F>b.Pref.Ho.ll8  2 

1629 

29 

2 

Exp.  Al 

M 

73 

1/2  Al.Coat.Fib.Pref.No.119  2 

1300 

•9 

2 

Hone 

*1 

74 

1/2  Al. Coat. Fib. Pref *No. 116  2 

367 

Asbestos 

2 

Exp.  Al 

ft 

75' 

1/2  Al. Coat. Fib. Prof. No. 115  2 

303 

99 

2 

99 

H 

76 

Bare  Fiber  Pref.  Ho*  106 

2 

1770 

Hone 

2 

Nous 

*1 

77 

Bare  Fiber  Pref*  Ho*  105 

2 

1129 

99 

2 

ft 

SC51A 

H 

!S 


Castings  Ho.  H-l  through  Mo.  31  wore  Bade  In  a  8-1/8"  l.D.  x  12-1/2"  (ir.clde  length) 
Flask.  Balance  of  castings  were  aade  in  a  7-3/4”  I.D.  x  34"  (Inside  length)  Flask* 

Castings  No.  R-l  through  H-l  were  Bade  with  resin  bonded  sand  flask  liners* 

Castings  No.  1  through  31  and  No.  58  were  made  with  sodiun-ailicate  invert-sugar. 

CO,,  bonded  aand  flask  liners.  Balance  of  castings  wore  aade  with  no  flask  liners; 
put  with  colloidal  graphite  parting  agent. 

Castings  No. .H-l  through  No.  23  were  aade  with  a  band  crank  trough  traverse. 

Balance  of  castings  were  aade  with  a  motorized  chain  driven  tr'ough  traverse,  rate 
of  3  feet  per  alnute* 


•  Feed  Type: 


M  -  Poured  aanually 

A  -  Poured  autoaatically  -  tilting  crucible,  cax-operateo  synchronize* 
RFC  “  Flask  rear  to  flask  front  to  flask  center  (direction  of  feed) 


Pft turn  vf*  loree#  Tjfp*,  Type  of 
tfWf  t»  tads  laoor  *»tal 

a  tap,  A1  SCS1A 

iHptitap*  1  •  ■  " 

nrooa 

A1  tor.  I  "  85A 


Tjjp/y  at  jow  .  Quit 
ltotftl  link  Beater  Trough  hm»  nook  •  Vgt. 

Wet  .Pan.  Typo  Ttpo  Typo  0.0.  glass  Metal  Ml  Cm, 

43  i0  Qaa  llano  ID  Bad  Pour  AFS  300  900  1200*  3200  9711 


Anr  390  900  1200*  3900  14flp 


8400  Bobo 


Rooe  Boob  1300  1400  8900 


s 

n 

•• 

7700 

99 

•9 

MFC 

Rooe  ‘ 

Boob 

1400 

3000 

3908 

— 

Ho  am 

SCBU 

6810 

99 

M 

MFR 

Room 

Rooe 

1300 

1485 

7090 

— 

m 

N 

6810 

•9 

99 

M78 

Boos 

Rooe 

1300 

3344 

4500 

— 

M 

.  7264 

H 

99 

m 

fOqg 

Rooe 

1400 

2086 

6705 

9 

Kxp.  A1 

H 

S902 

•  99 

99 

MF8 

Room 

Room 

1300 

3350 

6873 

2 

Mono 

*9 

.6810 

99 

99 

MF9 

Rooe 

Rooe 

1330 

3265 

7700 

9 

Xxp.  Al 

N 

6310 

'  99 

99 

M7B 

Rooe 

Rooa 

1300 

3344 

2 

99 

H 

7664 

99 

99 

MFR 

Rooe 

Rooe 

1400 

3100 

2 

None 

•9 

6172 

99 

99 

MFC 

Rooe 

Rook 

1300 

3362 

9480 

2 

SC31A  with  8173 

99 

99 

MC 

Rooe 

Boob 

1300 

3200 

3860 

l%Cd,l.S*Zn 


8-1/8"  I.D.  x  12-1/2"  Clneid*  length) 
/4"  l.D.  x  34"  (Inside  length)  Flask. 

sin  bonded  sand  flask  liners. 

>  with  sodlun-silickte  invert-sugar, 
.stings  sore  wade  with  no  flas»v.  liners; 


i  a  band  crank  trough  traverse. 

I  chain  driven  tr'ough  traverse,  rate 


.ting  crucible,  ca*-operateo  synchronized  feed  track, 
to  flask  center  (direction  of  feed) 
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Poor  penetration  and  vetting,  glass  compressed,  concentrated  inner  surface.  Glass  exposed  in 
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